Abstract: We present a new method for active control of optical micro-resonator modulator and filter wavelength that is insensitive to environmental and optical perturbations and readily integrated on-chip. Experimental results demonstrating precise, long-term filter locking are shown.
Fig. 1. (a)
Schematic of the micro-resonator locking system, shown with an optical image of the fabricated device without metal layer. The filter is locked to a repetitively swept tunable laser source (TLS) by way of balanced homodyne phase detection (BHD) of the optical input against the drop port of the filter. Directional couplers (DC) provide the optical signal power, which is interfered in a Mach Zehnder interferometer DC (MZI-DC), and detected with balanced photodetectors. The error signal drives a loop filter that controls the filter tuning heater, to maintain the lock. The phase shifter allows for post-fabrication adjustment of the locking point, but was not needed for this demonstration. Note: the BHD error signal was detected with an off-chip balanced detector by bringing out the MZI-DC output with a fiber array (on-chip detectors will be available soon).(b) Measured error signal from on-chip MZI-DC by sweeping the TLS across the filter resonance. The corresponding filter resonance (as would be seen from the drop port) is drawn in dashed red.
BHD locking operates by interfering a fraction of the light coupled into the input port of a microresonator with a fraction coupled out from the drop port of the resonator. The interference should be performed with a 50% directional coupler (DC), forming a MZI arrangement, with the resonator in one of the arms. A diagram of the locking system, including the fabricated device is shown in Fig. 1 the transfer function for the drop port of a first-order filter into that of a 50% DC, and taking the difference between the power detected at the two output ports of the 50% DC, we arrive at the transfer function for the BHD error signal (Eqn. 1). It exhibits an odd-shaped, balanced response with the zero crossing occurring at the resonant peak of the filter, Fig. 1(b) . By introducing a phase offset in the arm, the locking point of the zero crossing can be shifted for side locking of a modulator. Since only signals coherent with output of the filter drop port are detected, the presence of multiple data carriers does not interrupt the lock. Moreover, continuous data transmission is not required to maintain lock.
Experimental test of the system was conducted on a Si photonic device as pictured in Fig. 1(a) . The micro-resonator is tuned by resistive heating of lightly doped silicon in the ring [10] with a fast time constant of a few µs, permitting several tens of kHz closed loop bandwidth. A tunable laser source (TLS) is swept across 1 nm at a 1 Hz rate and coupled into the filter input. Locking range is only limited by the thermal tuning range of the filter. Since on-chip Ge photodetectors are not yet available, the dual BHD outputs after the 50% DC were coupled to an off-chip balanced detector with a fiber array. Long term measurement of locking performance is shown in Fig. 2 over 100 s (limited by data acquisition). The error signal, which is sent to the loop filter, outputs a corresponding heater command voltage to hold the filter on resonance, as verified by the out-of-loop fluctuations of the through port power. Residual intensity noise in the through port power is due to intensity fluctuations in the TLS and the fiber-to-chip coupling.
In conclusion, we have demonstrated a practical, compact, precise and universal method for locking of resonant micro-photonic filters and modulators in WDM networks that does not require continuous data transmission or an arbitrary locking reference. Further work will involve integration of the detectors on-chip, with the lock acquisition to be automated with a Field Programmable Gate Array (FPGA). 
